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WIRELESS DATA COLLECTION UNIT FOR 
FUEL MANAGEMENT SYSTEM 

RELATED APPLICATION 

5 The present application claims priority under 35 U.S.C. § 119(e) to a 

corresponding provisional patent application, U.S. Provisional Patent Application 
Serial No. 60/537,677, filed on January 20, 2004. This provisional patent 
application is hereby fiilly incorporated herein by reference. 

10 FIELD OF THE INVENTION 

The invention relates to a system for acquiring data during the fueling 
operations of an aircraft. More particularly described, the invention relates to an 
electronic fueling data acquisition and wireless communications delivery system. 



15 BACKGROUND OF THE INVENTION 

In the conventional art, fueling transactions for airplanes are usually a 
manually intense process relying on paper-based systems. Existing systems are 
typically mechanical meters mounted on Aircraft Fueling Vehicles and Aircraft 
Fuel Servicing Hydrant Vehicles (Hydrant Vehicles) that provide fixel to airplanes. 

20 In a typical fueling transaction, a fiieling service agent uses paper receipts to 
manually stamp a current fuel total before and after fueling an airplane. Copies of 
this paper information are then hand carried to the pilot of the aircraft and to fuel 
accountants who manually calculate the total volume of fuel pumped into the 
aircraft. Eventually, fiiel accountants will manually key in the day's fuel 

25 information into their accoxmting system databases. 

Although the conventional systems have been in use for a number of years, 
they have certain limitations. For example, the act of manually stamping paper 
tickets and passing hard copies to a number of different individuals is a time 
consuming and ineflScient process. Furthermore, lost tickets are also a common 

30 problem with the conventional systems. 
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In view of the foregoing, there is a need in the art for a fueling data 
acquisition solution that overcomes the limitations of current systems. 
Particularly, a need exists in the art for an electronic fueling data acquisition 
system that can wirelessly communicate with other devices to distribute the 
S necessary fiiel information without the need for physical paper tickets. 
Furthermore, a need exists for a low power electronic fueling data acquisition 
system that does not need site power to operate. 

SUMMARY OF THE INVENTION 

10 The invention meets the needs described above by providing a paperless 

solution to conventional fueling transaction systems. According to one exemplary 
aspect, a wireless data collection unit is provided that can convert pulse signals 
received from a conventional pulse transntiitter into volumetric totals. The pulse 
signals represent an equivalent volume of fuel for the aircraft during fueling 

15 operations. The wireless data collection unit can comprise software configurable 
hardware filters that can eliminate noise fi:om the signals origioating from the 
pulse transmitter. The wireless data collection unit can comprise an RF module 
for modulating the volume values onto RF signals and for sending these signals to 
another device. The wireless data collection unit can also comprise an explosion- 

20 proof housing that contains the conjBgurable hardware filters and RF module and 
that is coupled to an RF antenna. 

In a representative fueling environment, the invention can be mounted on 
Aircraft Fueling Vehicles and Aircraft Fuel Servicing Hydrant Vehicles (Hydrant 
Vehicles) and hardwired to an external pulse transmitter. The system can 

25 comprise two software configurable hardware filters, each capable of receiving a 
separate input signal from a pulse transmitter. Each software configurable 
hardware filter can transmit a signal into two separate pulse accumulators that can 
increment a pulse accumulator for each input pulse signal. The value of the pulse 
accumulator can be read by a timer/counter register on a micro-controller which 

30 can store that information in a nonvolatile memory along witli other information 
such as program variables, configuration items, and transaction information. The 
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micro-<:ontroller may contain a serial interface and expansion port. The serial 
interface can be used to make hardwire connections to other devices, while the 
expansion port cati be used to connect to a wireless RF module that can transmit 
information wirelessly through an antenna. The micro-controller can also contain 
5 a low frequency oscillator and a power out which can be used to transmit power to 
an external pulse transmitter. A rechargeable battery can be used to power the 
invention, and a voltage and current monitor may be used to observe the input 
voltage and current and can alert an operator if the battery is deficient 
Furthermore, there can also be a discontinuous voltage regulator to efficiently 

10 convert power from the input power Ime. 

For one aspect of the invention a method is provided for receiving and 
counting input pulse signals based on the amount of friel that is pumped into a 
container, such as a foel tank of an aircraft. When no pulse signals are detected by 
the invention, the unit can operate in a low power sleep mode. When the unit 

15 receives a request from an operator to start data collection, the initial pulse value 
can be determined and transmitted to an external device. As the operator begins 
fueling, pulse signals can be received from an external pulse transmitter. The 
input signals can be filtered by a software configurable hardware filter. In turn, a 
pulse accumulator can increment a timer/counter register for each pulse signal 

20 received. After the operator stops fueling, the final pulse value can be determined. 
The processor can then convert the pulse value to an equivalent volumetric total 
and transmit that value to an external device. Finally, the unit can retum to a low 
power sleep mode when no more pulse signals are received. 

In another aspect of the invention, communication between the operator 

25 and unit can be done wnelessly. Therefore, the unit can continuously send 
volumetric fuel information to an operator throughout the fueling process. 
Furthermore, when fueling is completed, the information can be conmiunicated 
wirelessly to other individuals, such as the pilots, without the need for a paper 
copy. 

30 In yet another aspect of the invention, an antenna can be coupled into an 

explosive proof housing. This type of coupling can be advantageous to allow the 

3 
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inveniion to communicate wirelessly with other devices and allow the system to 
operate safely in a hazardous environment without causing the ignition of fuel. 

These and other aspects, objects, and features of Hie invention will become 
apparent from the following detailed description of the exemplary embodiments, 
5 read in conjunction with, and reference to, the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a block diagram illustrating the system diagram of the 
electronic fueling data acquisition and wireless commimication system in 
10 accordance with an exemplary embodiment of &e invention. 

Figure 2 is an electrical circuit diagram of a software configurable 
hardware filter in accordance with an exemplary embodiment of the invention. 

Figure 3 is a flow chart depicting an exemplary method for receiving and 
counting input pulse signals in accordance with an exemplary embodiment of the 
15 invention. 

Figure 4 is a software architecture/hardware diagram illustrating the 
software task functions in accordance with an exemplary embodiment of the 
invention. 

Figure 5 is an illustration of a cross-sectional view of an antenna coupling 
20 in accordance with an exemplary embodiment of the invention. 

Figure 6 is an illustration of a connector that is used in an antenna coupling 
in accordance with an exemplary embodiment of the invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

25 The invention provides for a wireless data collection unit and wireless 

communication system that provides a paperless solution to conventional fueling 

transaction systems. 

According to one exemplary embodiment, a wireless data collection unit 

can be mounted on Aircraft Fueling Vehicles and Aircraft Fuel Servicing Hydrant 
30 Vehicles (Hydrant Vehicles) and hardwired to an external pulse transmitter that 

produces pulse signals corresponding to the amount of fuel being pumped into an 
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aircrafL The input pulse signals are typically attenuated by a software 
configurable hardware filter and then routed to a pulse accumulator that can 
increment a timer/counter register for each input pulse signal. The value of the 
timer/counter register can be read by a micro-controller and stored in nonvolatile 
S memory. 

Communication with the micro-controller may be done through a hardwire 
coimection to a serial interface or througih an expansion port that can be used to 
coimect to a wireless RF module that can transmit information wirelessly through 
an antenna. The micro-controller can also contain a low firequency oscillator and 

10 a power out which can be used to provide power to an external pulse transmitter. 
A rechargeable battery can be used to power this embodiment, and a voltage and 
current monitor may be used to observe the input voltage and current and can alert 
an operator if the battery is deficient. Furthermore, there can also be a 
discontinuous voltage regulator on the input power line. 

15 An exemplary wireless data collection unit can receive and count input 

pulse signals based on the amount of fiiel that is pumped into a container, such as 
a fiiel tank of an aircraft. When not in use the wireless data collection unit can 
operate in a low power sleep mode. However, when the unit receives a request 
from an operator to start data collection, an initial pulse value is determined and 

20 subsequent pulse signals produced by an external pulse transmitter are filtered and 
then counted by a pulse accmnulator. When fueling ceases, a final pulse value can 
be determined and then converted into a volumetric fuel value. The information 
then can be communicated wirelessly between the unit and an operator using a 
wireless handheld device. 

25 Referring now to the drawings, in which like numerals represent like 

elements, aspects of the exemplary embodiments will be described in connection 
with the drawing set. Figure 1 is a block diagram illustrating a system 100 
comprising an electronic fueling data acquisition and wireless communication 
system constructed in accordance with an exemplary embodiment of the 

30 invention. The exemplary system 100 is typically enclosed is an explosion-proof 
enclosure 195. Therefore, even if fuel vapors are able to penetrate the enclosure 
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195, the enclosuie 195 would be able to stay intact and dissipate the energy of the 
ignition. An external pulse transmitter 105 usually found mounted on a fuel cart 
transmits pulse signals into one of two software configurable hardware filters 
llOA, llOB. The pulse transmitter 105 functions as a meter and generates pulse 
5 signals based on the quantity of fuel pumped into an aircraft. Each pulse 
transmitter 105 is rated at a certain meter factor; whereby, for example, one gallon 
of fuel is equal to ten pulses. The system 100 provides for two separate pulse 
channels that feed into the two software configurable hardware filters llOA, 
HOB. 

10 Each of these chamiels can be used independently to transmit pulse signals 

from two different fuel sources or they can work simultaneously with one fuel 
source to provide for redundant fiiel readings. When the software configurable 
hardware filters llOA, HOB receive a pulse signal, the filters llOA, HOB operate 
to shape and define the width of the input pulse signal so it will easily be read by 

15 the pulse accumulators 120A, 120B, 120C, 120D. The filters llOA, HOB detect a 
pulse signal generated by the pulse transmitter and each allows for a certain period 
of time, defined in the application software, to ignore other signals across Ihe line. 
Each filter llOA, HOB then transmits the signal to its respective pair of pulse 
accumulators 120A, 120B, 120C, 120D. 

20 Hie software configurable hardware filters llOA, HOB can eluninate the 

possibility of extra noise coming across the pulse channels, thereby preventing a 
noise-related miscount by the pulse accumulators 120A, 120B, 120C, 120D. The 
pulse accumulators 120A, I2OB9 120C, 120D can comprise a timer/counter 
register 130 that maintains a running count of the pulse signals it receives. Each 

25 software configurable hardware filter llOA can feed into two pulse accumulators 
120Ay 120B while another software configurable hardware filter HOB can feed 
into two different pulse accumulators 120C, 120D. 

Having two pulse accumulators per channel provides redundancy where 
each accumulator 120 on the pulse channel may be compared to see if they have 

30 the same accumulation value. Information from flie accumulators 120 is acquired 
fi:om the timer/counter register 130 by the micro-controller 155 and stored in a 
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nonvolatile memoiy 190, such as random access memory. The memory 190 is 
used for storing program variables, transaction information, and configuration 
items including the meter factor that represents the amount of fuel equivalent to 
each pulse signal received and a unique identifier for each system 100. 
5 The application software of the micro-controller 155 continuously converts 

the input pulse signal value into a volumetric value by applying the meter factor to 
the total number of input pulse signals. The volumetric value information may be 
communicated to other devices in different ways. For connecting to other devices, 
the micro-controller 155 can comprise a serial interface 160 that may be 

10 hardwired to other devices. Furthermore, the serial interface 160 may be used for 
diagnostic and configuration of the micro-controller 155. The micro-controller 
155 also has an expansion port 170 that connects to the Bluetooth RF module 175 
that wirelessly transmits information to other devices, such as the Intoplane Client 
Handheld Computer, through an external antenna 180. 

15 An important feature of the system 100 is its ability to operate in a low 

power sleep mode when no pulse signals or communication data are being 
transmitted. This feature is necessary in some exemplary embodiments. Aircraft 
Fuel Servicing Hydrant Vehicles (Hydrant Vehicles) where the system 100 is 
located in some exemplary embodiments are typically mobile and do not have site 

20 power available to them. The system 100 can enter into a low power sleep mode 
after a certain period of time, usually thirty minutes, that is configurable by the 
application software. 

The system 100 can be powered by a rechargeable battery 140 with an 
input voltage range of 8 to 36 VDC. A 12 Volt, 40 Amp hour battery 140 included 

25 in the system 100 with a power out 185 controlling power to the pulse transmitter 
can operate the device in excess of 90 days without replacement or re-charging. 
However, other power sources, such as a combination of solar cells and batteries, 
and other similar power sources are not beyond the scope of the invention. 

The input voltage and current are monitored by circuits 145 that measure 

30 the power consumption of the device and have the capability of alerting an 
operator that the system needs a new battery 140. Furthermore, in keeping with 
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the requirement of a low power environment, this low power alert feature may be 
de-activated to reduce the system power consumption. The system 100 can also 
comprise a discontinuous voltage regulator 150 that provides high efficiency 
regulation, especially in low current loads while the microcontroller 155 is in 
5 sleep mode.. To further reduce power consumption, a power output 185 may be 
supplied by the micro-controller 155 directly to the pulse transmitter 105 instead 
of the transmitter 105 being powered by a battery. This allows the application 
software of the micro-controller 155 to discontinue supplying power to the pulse 
transmitter 105 in a low power mode. 

10 In order to monitor the system 100 while in low power sleep mode, the 

micro-controller 155 can comprise a low frequency oscillator 165. The purpose of 
the low frequency oscillator 165 is to transmit a signal to the micro-controller 155 
once every thirty seconds to force the micro-controller 155 out of the low power 
sleep mode so the application software can perform hardware monitoring 

15 functions to determine if all the hardware is functioning properly. If the hardware 
is functioning properly, the micro-controller 155 will re-enter the low power sleep 
mode; however, if it is not functioning properly, the application software can 
perform a series of recovery processes. 

Referring now to Figure 2, this drawing is an electrical circuit diagram of a 

20 software configurable hardware filter 110 constructed in accordance with an 
exemplary embodiment of the invention. The purpose of this filter 110 is to 
provide additional input frequency band filtering by attenuating liigher frequency 
noise on the pulse channel, which is especially useful for removing extra noise 
from the input pulse signals caused by the vibration of contacts in mechanical 

25 switches. The software configurable hardware filter 110 has advantages over 
strictly hardware filters because it is controlled through software. This 
configuration easy, but once it is configured the filter is a fiiUy hardware 
implemented function. Meanwhile, conventional filters using only hardware 
would require different types of hardware, such as capacitors and resistors, to be 

30 interchanged to manipulate different pulse signals entering the system. 
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When a pulse signal enters the filter 110, it first passes fliiough a Schmitt 
trigger inverter 210 in order to sharpen the edges of low rise/fell time signals. The 
signal then passes into an exclusive OR gate 210 that looks at die current output 
state and last output state to determine if a transition has been made. Whenever 
5 the exclusive OR gate 210 detects a difference between the input pulse signal state 
and the currendy accepted pulse signal state (the output of flip flop 250), the 
output of 210 goes to a high state. The high state is immediately transferred to 
one input of the exclusive OR gate 225. The high state is also transferred through 
a low pass filter comprised of elements resistor 215 and capacitor 220 into the 

10 second input of exclusive OR gate 225. This filter delays the high level output 
state from exclusive OR gate 210 slightly in time, so that exclusive OR gate 225 
sees one input go high then slightly later in time the other input goes high. This 
causes the output of exclusive OR gate 225 to go high theii back to low generating 
a narrow high going pulse. This pulse resets the one shot pulse signal 235, also 

15 known as a "blanking" pulse. Any difference in state between the input pulse and 
the accepted output state will reset this 'Tjlanking" pulse 235. The values of 
resistor 215 and capacitor 220 are chosen to generate a reset pulse 230 of 
sufficient width to be detected by the reset input circuit on the timer/coimter 130 
on the microcontroller 155. 

20 After the pulse-in signal has been stable for the full one shot Pulse 

duration, the one shot pulse 235 will go low. The pulse signal 235 is transmitted 
back from the timer/counter 130 on the micro-controller 155 into another Schmitt 
trigger 240 to invert the signal The "blanking" pulse signal 235 is configurable by 
the application software for a set duration time fi-om 50 uS to 6000 mS. This 

25 signal is then sent into the D flip-flop 250 which holds the signal stable for the 
blanking pulse dxuration time. Therefore, when the pulse duration is complete, the 
D flip-flop 250 will clock and a signal will be sent to the pulse accumulator 120 to 
be counted. Those skilled in the art will appreciate that other designs or elements 
for the soflware configurable hardware filter 110 are not beyond the scope of the 

30 invention. That is, fewer or more as well as different circuit elements such as 
AND, OR, and other logic gates could be substituted or added. 
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Referring now to Figure 3, this drawing is a flow chart depicting an 
exemplary method 300 for receiving and counting input pulse signals in 
accordance with an exemplary embodiment of the invention. In step 310, when 
the pulse transmitter 105 is not generating piulse signals and communication 
S requests are not being made through the wireless module 175 or serial interface 
160, the system 100 can operate in a low power sleep mode to conserve battery 
140 power. In step 320, an operator sends a wireless request to the system 100 to 
begin collecting data. This request starts the application software that determines 
the initial pulse value in step 330 by reading the current pulse total on the pulse 

1 0 accumulator 120. 

In step 340, the operator can begin pumping fuel into the aircraft and pulse 
signals are received by the system 100 from the pulse transmitter 105. In step 
350, the software configurable hardware filters llOA, HOB provide additional 
band filtering on the input signals and are especially usefixl for removing extra 

15 noise firom the input pulse signals caused by the vibration of contacts in 
mechanical switches. Next, the pulse signals are transmitted to the pulse 
accumulators 120 in step 360 where each signal increments a timer/counter 
register 

In step 370, the appUcation software will continuously convert the input 
20 pulse values into a volumetric value by applying a meter factor that represents the 

amount of fiiel equivalent to each pulse signal received. These values are stored 

in memory 190 until a request is made to retrieve them by an external device. 

In step 380, after the operator stops fiieling the airplane, the application 

software will determine the final pulse value by reading the current pulse total 
25 from memory 190. Finally, the total volume value of fiiel will be transmitted 

wirelessly by the Bluetooth RF module 175 through the antenna 180 to the 

operator. The operator will then disconnect from the RF interface in step 390. 

After a certain period of time, configurable in the application software, the system 

100 can return to the low power sleep mode. 
30 Referring now to Figure 4, this drawing presents a software 

architecture/hardware system 400 illustrating software task functions in 
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accordance with an exemplary embodiment of the invention. The micro- 
controller based operating system is a real time multi-tasking kernel that can 
utilize software developed by other parties, such as the Real Time Executive in C 
(RTXC) system developed by Quadros Systems, Inc. Furthermore, the system 
5 relies on Bluetooth tasks developed by lAR. The operating system comprises of a 
multitude of static tasks. 

When the pulse transmitter 105 is not generating pulse signals and 
communication requests are not being made through the Bluetooth RF module 
175 the micro-controller 155 is in a low power sleep mode tliat conserves battery 

10 140 power as shown m step 310 of Figure 3. At the same time, the Bluetooth RF 
module 175 is in a low power receive only mode. In this mode, the Bluetooth RF 
module 175 is discoverable, meaning that an external Bluetooth device, such as a 
Bluetooth enabled PC or Handheld, can search and find the micro-controller 155 
through a wireless connection. 

15 If a Bluetooth device attempts to connect to the micro-controller 155, the 

Bluetooth RF module 175 will send a control signal to the micro-controller 155. 
This triggers a hardware interrupt, and the micro-controller 155 resiraies execution 
of the application software as show in step 320 of Figure 3. More specifically, the 
Bluetooth module 175 sends data to communications port UARTO 480. The 

20 COM 0 Input task 485 receives data from communications port UARTO 480 using 
interrupts and Direct Memory Access (DMA). The COMO input task 485 signals 
the HCI Read task 470. The HCI Read Task 470 identifies Service Discovery 
Protocol (SDP) data messages and sends data pointers and signals to the SDP task 
455. The SDP task 455 provides a protocol layer capable of publishing to a 

25 Bluetooth Host the supported Bluetooth functionalities of the micro-controller and 
allows the device to be identified by a Host system searching for Bluetooth 
equipped devices. The SDP task 455 signals the HCI Write task 475 with 
discovery information. The HCI Write task 475 sends data packets to 
communications port UARTO 480 which are transmitted by the Bluetooth RF 

30 Module 175. The Generic Access Profile (GAP) task 460 publishes at a host 
system a list of Bluetooth services available for transmitting and receiving data 
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from the system 100 using a similar interaction with the HCI Write task 475. The 
only available service in the device is the serial port profile which creates a virtual 
serial port. The Host system must establish a connection using the Serial Port 
Profile (SPP) 450 service. The Serial Port Profile (SPP) task 450 provides an 
5 emulated virtual serial port over the Bluetoofli interface. The SPP task 450 
exposes to a high-level API 445 that the application program can use to transmit 
and receive data in a way that is very similar to a standard serial port. 

Once a connection is established using the SPP service, the SPP task 450 
assembles data packets and signals the API 445. The COM 0 Task 420 receives 

10 data pointers and events from the API 445. The HCI Read task 470 identifies data 
messages from COMO input 485 as either SPP 450, SDP 455 or GAP 460 related 
and routes the messages to ftie appropriate tasks. 

Once the micro-controller 155 is out of the low power sleep mode and 
executing the application tasks, typically tiie external Bluetooth connected Host 

15 device (i.e. Intoplane Qient Handheld Computer) will send a command to request 
the current pulse meter total as shown in step 330 of Figure 3. The request to 
transmit pulse data is passed through the RF Module 175, COMO input 485, HCI 
Read 470, SPP 450, and API 445. The protocol handler in COMO task 420 
retrieves the data from the database 495. The totals in the database 495 are kept 

20 current by the I/O task 490. The protocol handler sends the data to the API 445 
which, in turn, notifies SPP 450. SPP 450 sends the data to HCI Write 475 which, 
in turn, sends it to communications port UARTO 480 for transmission to the host 
by the RF module 175. 

After determining the initial pulse value as shown in step 330 of Figure 3, 

25 a fueling transaction as shown in step 340 of Figure 3 begins when an operator 
begins fueling an aircraft. Fuel flowing through a mechanical meter turns a shaft 
at a rate proportional to the volume of fuel moving through the meter. This 
moving shaft is connected to a pulse transmitter 105 that generates a pulse train. 
The number of pulses generated is also proportional to the volume of fuel pumped 

30 through the meter. 
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The pulse transmitter 105 is electrically connected to the micro-controller 
155. The micro-controller incoiporates a software configurable, hardware filter 
110 which attenuates higher frequency noise on the pulse channel as shown in 
step 350 of Figure 3. The filter is especially useful for removing extra noise firom 
5 the input pulse signals caused by the vibration of contacts in mechanical switches. 
The filter 110 is programmable by software to allow different one shot pulse 235 
durations. Once the desired duration is set during configuration of the device the 
value is written into a timer/counter register 130 and the hardware operates 
independently of the software. This duration value is also maintained in non- 
10 volatile memory 190 and is written to the timer/counter register 130 each time the 
units starts up. 

After passing through the filter 110, the pulse signal enters an accumulator 
120 which increments a timer/counter register 130 for each pulse received as 
shown in step 360 of Figure 3. During this time, the I/O task 490 periodically 

IS updates data in the database 495. The I/O task 490 periodically reads the value of 
the accumulator register 120, adds contents to a variable, and resets the counter. 
If the accumulator register 120 overflows before the I/O task 490 reads the data, 
an interrupt occurs and the register value is preserved for the I/O task 490. The 
I/O task 490 sends the new pulse total to the Point Scan task 405. 

20 As shown in step 370 of Figure 3, the Point scan task 405 continuously 

applies a conversion called the meter &ctor, which is stored as a configuration 
parameter in the nonvolatile memory 190, to the pulse total to calculate a 
volumetric total. The meter j&ctor represents the amount of fuel equivalent to 
each pulse signal received to the input pulse signal value read from the database. 

25 The volumetric total is written to the real-time database 495 as the meter total. 
These values are transmitted to a host device in steps 330 and 380 as shown in 
Figure 3. Furthermore, a command can be sent for the system 100 to archive the 
current transaction, which stores the current totals as well as a time stamp. The 
Calendar task 410 manages the current system time and 410 creates the data for 

30 time stamping fueling transactions. The calendar task 410 increments the system 
time beginning at startup. Although the application software is not required to be 
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in synchronization wifli actual time, a hardware real-time clock is available to 
maintain synchronization. 

As shown in step 380 of Figure 3, after the operator stops fueling the 
airplane, once again, the host sends a request to detemiine the final pulse value. 
5 The request to transmit pulse data is passed through the RF Module 175, COMO 
ii:5)ut 485, HCI Read 470, SPP 450, and API 445. In turn, the protocol handler in 
COMO task 420 retrieves the data from the database 495. The protocol handler 
sends the data to the API 445 which, in turn, notifies SPP 450. SPP 450 sends the 
data to HCI Write 475 which, in turn, sends it to communications port UARTO 

1 0 480 for transmission back to the host by the RF module 175. The Point Scan task 
405 sends the current meter values and well as a time stamp to the EE task 415 for 
storage in the Electronically Erasable Programmable Read Only Memory 
(EEPROM). The EE task 415 controls access to the EEPROM for storing and 
retrieving configuration data. 

15 After the final pulse value is converted into a volume total as shown in 

step 380 of Figure 3 and transmitted wirelessly by the Bluetooth RF module 175 
through the antenna 180 to the operator, the host device (i.e. the IntoPlane client 
handheld) can perform a differential calculation to calculate the total volume of 
fiiel that has been pumped into the aircraft. 

20 The Host device then terminates the Bluetooth connection as shown in step 

390 of Figure 3. The Bluetooth protocol stack signals the Point Scan task 405 that 
a disconnection has occurred. The Point Scan Task 405 signals the COM 0 task 
420 to place the Bluetooth RF module 175 into a low power receive only mode. 
The Point Scan task 405 also signals for the micro-controller to enter a low power 

25 sleep mode. 

When the micro-controller 155 does not process new pulse data or 
communication data for a certain period of time, the micro-controller 155 will 
automatically go back into low power sleep mode. This period of time is 
configurable by the application software and is usually set for 30 minutes, 
30 Typically the pulse transmitter 105 is connected directly to a power source 

(i.e. Battery) 140, but the pulse transmitter 105 can also be powered 185 by the 
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micro-controller 155. In this exemplary embodiment, the micro-controller 155 
can be configured to place the pulse transmitter 105 in a low power state by 
turning off power to the pulse transmitter 105 during sleep mode. If this 
exemplary configuration is enabled, the Point Scan task 405 signals fee FO task 
5 490 before the micro-controller 155 enters low power sleep mode, and the I/O task 
490 turns off output power 185 to the pulse transmitter 105. 

While the micro-controller 155 is in low power sleep mode, a state 
transition on either pulse channel will generate an intermpt and the micro- 
controller 155 will resume execution of the application program. This situation 

10 would occur if pumping fuel for a transaction was inadvertently started without 
using a Bluetooth cozmection process to wake up the micro-controller. This 
allows the micro-controller 155 to *Vake up" and continue counting pulses. 
Although the meter start value would be lost for this transaction, the micro- 
controller pulse total can stay m synchronization with any mechanical counter that 

15 is mounted on the fueling cart This feature supports periodic verification of the 
operation of the micro-controller. However, if the micro-controller 155 is used to 
control power 185 to the pulse transmitter 105 for power usage ittiniiiiization, as 
explained above, this feature is not opemble because the pulse transmitter 105 is 
powered down during low power sleep mode and is unable to generate the pulses 

20 needed to wake up the micro-controller 155. 

About every 30 seconds flie micro-controller 155 is signaled to "wake up" 
from low power sleep mode by a low frequency oscillator 165. The COM 0 task 
420 will monitor the operation of the Bluetooth RF module 175 and determines 
the state of the Bluetooth protocol stack 445, 450, 455, 460, 470, 475. The I/O 

25 task 490 monitors the state of the hardware. If hardware or software error 
conditions are detected recovery processes will be initiated. If no errors are 
detected or all the error conditions are resolved, the Point Scan task 405 signals 
for the micro-controller 155 to re-enter a low power sleep mode. 

Referring now to Figure 5, this drawing is an illustration of a cross- 

30 sectional view of an antenna coupling 500 in accordance with an exemplary 
embodiment of the invention. This exemplary antenna coupling provides for the 
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union of a wireless antenna 180 with an explosion proof enclosure 195. One 
exemplary operating environment of the invention calls for a highly rated 
enclosure 195 to prevent tiie ignition of fuel fiimes by flie electronics incorporated 
into the invention. The antenna 180 is connected to the enclosure 195 using a 
5 Sub-Mmiature Type-A (SMA) jack 510. The antenna cable passes through a 
connector 560 forming a seal. The connector 560 has at least nine threads, which 
allows the expanding gases to cool down if fuel vapors penetrate the enclosure 
195 and an ignition occurs. Therefore, while an explosion could occur in the 
enclosure 195, the enclosure 195 would be able to stay intact and dissipate the 

10 energy of the ignition. The connector 560 is filled with an epoxy resin 520 that 
surrounds the RF cable 540 tiiat passes from the SMA jack 510 through the 
connector 560 and into the enclosure 195. An example of an epoxy resin 520 that 
can be used is Emerson & Cunmiing, Inc. Type STYCAST 2651-40 Black. 
Furthermore, an epoxy 530 is used to fill the area at the end of the connector 560 

15 where an MMCX Plug 550 is connected to the connector 560. At the opposite 
end, the MMCX plug 550 connects to the Bluetooth RF module 175. 

Referring now to Figure 6, this drawing is an illustration of a cotmector 
560 shown in Figure 5 witliout the SMA Jack 510 and RF cable 540 that is used in 
an antenna coupling 500 in accordance with an exemplary embodiment of the 

20 invention. One type of material the connector can be made ftom includes 1 V4" 
Hex Aluminum Type 6061-T6. Furthermore, the barrel 610 is threaded external 
with %" National Pipe Thread (MPT). The mside bore of the coupling 500 is 
taped 10mm x 65 to allow the epoxy resin compound 520 to lock in place. 

It should be understood that the foregoing relates only to illustrative 

25 embodiments of the invention, and that numerous changes may be made therein 
without departing from the scope and spirit of the invention as defined by the 
following claims. 
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